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The present invention relates to a method of detecting in DNA obtained from an individual an abnormality in DNA which 
is associated with a genetic desease, with particular reference to cystic fibrosis, using oligonucleotide probes. The probes are lab- 
eled with two different fluorophores and hybridize to the regions of normal DNA which correspond to a region of DNA where 
an abnormal nucleotide sequence exists in a gene, such as that associated with that of cystic fibrosis. Hybridization is detected by 
fluorescence resonance energy transfer (FRET). 
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DIACWOSIW C CYSTIC FIBROSIS AMD OTHE R OEWBTTfi 
DISEASES DS INC FL DORESCENCE 
RESONANCE EWgaev Mii.c m (PRET) 

Background at the Invintinn 

Cy.tle fibrosis (CP) i. eh* aost coaaon genetic 
disorder effecting the white population. The 
clinical aanlfestatlona of th* dlaaaa* lncluda 
chronic pulaoaary dla*aa«, pancraatic enzyae 
insufficiency and alavatad avaac alactrolytaa . 
10 Patients with CP usuelly suecuab to th* pulaonery 
dl.aa.a by th* aacond dacad. of lif.. Increasingly, 
patients ara surviving Into adult lif., alb.it with 
pulaonary and gastrointestinal probleas. Th* 
prognosis of CP dapands anciraly on its severity, 
•go *t first diagnosis and effective aanagenent of 
■*ny coaplicatlons. 

Abnoraally high electrical potential 
differences have b**n d*t*ct*d across th* *pith*lial 
aurf.caa of CP axocrlna ti.au*. . Th* fundaaent.l 
20 d*f*ct has b«*n a.«ociat.d with decreased chloride 
Ion conductance across the apical aaabrana of 
•pith.llal cells. Although progress has been aade 
in the leolatlea of polypeptide coaponents of an 
•pltbelial chloride channel that aediates 
conductance, the relationship of the channel to the 
clinical syapto.a of CP has yet to be established. 
Despite extensive research efforts, th* basic 
blocheaical defect reaains unknown. 

The incidence of CP in North Aaerlean whites is 
•pproxlnately 1 In 25.000 births. This suggests a 
gene frequency of 1 in 50 end a carrier frequency of 
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about 1 In 23. The defective gene vai linked to a 
DNA polyaorphisa in 1983, and localized to th« long 
ara of human chroaoaoae 1\ Subsequently, segaonts 
of DNA closer to tbo cystic fibrosis gene were 
05 identified, and OKA polyaorphlsas vith particular 
alleles fraquantly associated with tha cystic 
fibrosis (I.s. f linkage dlsequillbrlua) vara 
raportad. Tha cloning of tha CF gsna has baan 
reported, and a three-base (thrce-nucleotlde) 
10 dalstlon that reaoves phanylalanlna 308 froa tha 

1480 aalao acid coding region vas ldantlflad aa tha 
autatlon that causas CP in tha aajority of casts. 

Historically, tha diagnosis of cystic fibrosis 
has baan baaad on clinical findings and tha 
15 blochaaical abnoraalltles in sveat. Aa incraasa ia 
svaat electrolytes, accoapanlad by ona or aora aajor 
clinical features, vas tha basis for diagnosis. 
Pranatal diagnosis and carrier dstaction vera not 
possible. 



20 Suaaary of tha Invention 

Tha present invention relates to a aethod of 
detactlng in DNA obtained froa aa individual an 
abaoraallty la DMA, such as that aasoclatad vlth CP. 
In particular, it relates to a aethod of detecting 
25 in MA obtalaad froa aa individual, a three -nucleo- 
tide or triplet deletion froa the CP geae vhieh has 
been shown to ba associated vith CP in approxiaataly 
70% of all cases. Tha present invention further 
relatas to probes (DNA or RNA) useful la tha aethod, 
30 «nd applicable to other genetic diaaasaa in vhich a 
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deletion, inaartlon, aodificetlon or aubetltutlon of 
on. or-. or. bun U th. prlaary .tructur. of th. 
noraal DNA eeeura. 

The aethod of detecting an abnormality in a 
05 cyatle flbroala gana vhleh la aaaociated vich or 

cau.atlva of eyatlc flbro.i. ralia. on fluor.acane. 
raaonanea energy tranafar (FRET) and can ba earrlad 
out in DNA obtained (pranatally or poatnatally) fro. 
an individual auapoetad of having or likely to 
10 develop cyatle flbroala or In DMA obtained fro. «» 
Individual thought to be a earrier. 

In the .ethod of the preaent invention, a pair 
of fluorophore- labeled oligonucleotide probea la 
co.bin.d with DNA obtained fro. an individual. The 
fluoreaeence energy tranafar technique a. related to 
hoaologoua aaquencea waa auggeatad by Boiler and 
Morrieon, la Rapid Detection and M >nt lf 1***^ 
Infoctloua Agonte, Ed.. Klngabury, J.J. end s. 
Falkau (Aeadeaic, New York,) pp. 245-256, and chovn 
to be applicable to localisation of .pacific 
aaquencea of DNA or MA by Cardullo et al. , p goe . 
Hatl. Acad. Scl. PSA 15:8790-8794 (1988). The 
probea are eo.pleaentary to the region of nor.al DNA 
which correaponda to a region of DNA where an 
abnormal nucleotide aequence exista in a gene 
aaaoelatad vlth or eauaatlve of eyatle flbroala. 
Hybrldiiation of both labeled oligonucleotide probea 
to DNA obtained fro. the individual occur, only to 
aeraal DNA and la detected by aeaaurlng fluoreaeence 
30 reaonanca energy tranafar. 

In particular, the invention relatea to a 
aethod which aakea uae of a pair of fluorophore- 
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l*b«l«d oligonucleotide probss. On* prob« !■ 

conprired of a nucleotide aequenco eoapleaentary to 
a region of DNA vhieb is adjacent to an abnoraal 
auelootida eequcace in a defective gene aaaoelatad 
05 with or cauaatlve of cystic fibrosis. A aaeond 

proba ia labalad with a diffarant fluorophora (i.e., 
froa that praaant on tha othar proba) and ia 
coapriaad of a nuclaotida aaquanea eoapleaentary to 
tha ragioa of noraal DNA eorraaponding to tha ragion 
10 froa which, in abnoraal DNA, tha thraa auelaotidaa 
ara dalatad and a region of DNA directly adjacent to 
tho ragion, but in tha oppoaita diraetion froa that 
of tha othar proba. Tha fluorophoraa ara eovalantly 
bound to tha probaa and ara poaitionad on aach proba 
15 such that whon both proba* ara hybridised to an 
unintarruptad segacnt of noraal DNA, tha fluoro- 
phoraa will lia adjaeant to ona another. 

Both probaa will hybridise to DNA froa a noraal 
individual and tha onargy of tha fluorophora (donor) 
20 of ona proba will tranafar to tha fluorophora 

(aeeaptor) of tha aaeond proba. tfhan both probaa 
ara hybridized to an unintarruptad segaent of noraal 
DNA, there will be an area between the probea 
lacking hybridization of coaplaaantary nucleotides, 
25 vhich prowldea the apace for the fluorophora* to lie 
adjacent to one another and tranafar energy. Thia 
can be detected by fluoreacence resonance energy 
tranafar (FRIT) by aeaaurlag the decreaae in 
fluoreacence (quenching) of the donor fluorophore 
30 and the lncreaae in fluorescence of the acceptor 
fluorophore. If the energy transfer occurs, it is 
indicative of a norael gene or nucleotide sequence. 
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Th. prob. vhleh inelud.s a nucleotide aequeac. 
eo B pl.».at*ry co ch. r.gion of noraal DHA that 
corresponds to th. ebnoraal nucleotide aequenee of « 
def.etlv. g.n. will not hybrid!., with DHA fro. an 
03 individual with cy.tic flbroele. Consequently, 
there will be no energy transfer between 
fluorophoraa and no ineraa.a and daeraaaa in 
fluorescence of th. fluorophoraa occur., tha 
ab.anea of energy tr.n.f.r i. t thua, indieativ. of 
10 cy.tie fibro.i.. Furthar, tha confirmation of tha 
pra.anea of tha CF ,.n. can ba c.rriad out through 
th. u>. of prob.s apaeifie for tha CF gene. 

Tha pra.ant inv.ntion off.r. several advantagee 
ov.r .slating tachnologiaa . Currant a.thoda of 
d.taeting tha abaanea or praaanea of abnormal 
nuel.otida aaquaneaa ralatad to ey.tie flbroala 
uaually involv. th. burdan.o.a taak of iaaobiii.in,, 
onto a .olid aupport, tha oligonuelaotida proba. 
uaad for capturing tha nucleotide aaquanca of 
Intaraat or eaaple nuclaotida aaquaneaa to ba 
taatad. This la naadad baeauaa currant taatlng 
■athoda require tha aaparatlon of hybridised 
nuclaotida aaquanca. fro. non-hybridi.ad aaquanca.. 
Tha preeeat invention doea not require these 
•operation step., and conaaquently, iaaobili.ation 
of probes or aaapla nucleotide aequenee. i. 
unnecessary. In addition, the use of solid supports 
is usually accoapanled by problea. of nonapacific 
binding of detector oligonucleotide probes to the 
30 «olid support, resulting in inaccurate 

deteralnatlona of hybridi.ation between the 
nucleotide aequenee of int.r.at and detector probea. 
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Lastly, ths prsssnt a«thod doss net rtquirs ths us* 

of radioactivity, and consequently, its troublesoae 
disposal. In suaaary, tha present invention is an 
accurst* and sensitive, acthod of detecting abnoraal 
05 nuclaotida ssquancas la tha cystic fibrosis gsaoaa, 
which is also convaniant and safa. 

Brlaf Description of tha Dravlngi 

Figure 1 is a schaaatic raprasantation of tha 
hybridization of f luorophora-labalad nuclaic acids 
10 coaplaaantary to distinct, but closaly spaced, 
saquaacas of a longer unlabalad auclaic acid. 

Figura 2 is a schaaatic rapraaaatatioa of oaa 
aabodiaant of tha prasant invention, illustrating 
tha usa of paired f luorophora-labalad probas 
15 coaplaaaatary to noraal DNA vharaln 1) tha 

hybridization of both f luorophora-labalad probaa 
vith noraal Off A and tha raaultlng fluoraseaaca 
onargy tranafar; and 2) tha lack of hybridization 
vith CF DNA of tha f luorophora-labalad proba 
20 containing tha nuclaotida saquanca coaplaaantary to 
tha raglon of noraal DNA corraapoading to tha 
trinucleotide delation and adjacent 5' nucleotides 
of cystic fibrosis DNA and the lack of fluorescence 
energy transfer. 
25 Figure 3 is a scheaatie representation of one 

eabodiaent of the present invention, illustrating 
the use of paired fluorophore -labeled probea 
coapleaentary to CF DNA and shoving 1) the 
hybridization of both f luoropbore-labeled probes 
30 vith CF DNA and the resulting fluorescence energy 
transfer; and 2) the lack of hybridization vith 
noraal DNA of the 
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fluorophora-labaled probe containing the nuclaotida 
eequenca conploaentary to the, region of CP OKA 
eorraapondlng to tho trinucleotide deletion and 
adjac.nt 5' nucleotidea of ey.tic flbro.i. dha and 
tho lack of fluoroaeoneo energy tranafer. 

Figure 4 ia a graphic rapraaantation of tha 
■adulation of fluocaacanca lntenelty upon Laer 
hybridiaation at fixed nuabora of donor aolaeulaa 
•nd incraaaing concentration of tha eoapleaontary 
10 eligonuelaotidas. 

Figura 5 ia a graphic rapraaantation of tha 
eranafar affieiancy of fluoraacain and rhodaaina 
attachad to tho 5* anda of eoaplaaantary 
oligonuelaotidaa of varloua langtha. 

Figura 6 ia a graphic rapraaantation of ehangaa 
in fluoraacanea intanaity of donor and 
•ecaptor-linkad 8-aara at a function of taaparatura. 
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Potallad P^fffptlon of e ha Invint^j , 

Tha praaant invention ia a aathod of dataeting, 
in DHA or MA obtainad froa an individual , a 
defective gaaa(i) aaaoeiatad with or eaueatlve of 
cyatic fibroaia. Tha aathod ia uaaful ia diagnoaing 
eyatic fibroaia ia an individual and in deteralalng 
whether aa individual i. . earriar of tha defective 
••»•<■>. Tha aathod utlllsaa a pair ef fluorophore- 
labalad oligonuclaotida probaa eoaplaaantary to tha 
ragion of noraal DHA which eorraaponda to tha region 
of DHA froa vhieh, in DHA aaaoeiatad with or eauaa- 
30 of eyatle fibroaia, thraa nuelaotldoa are 

delated (i.e., the region in vhieh an abnoraal 
nucleotide eequenco oeeun). The preaent aethod 
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relies on utni of docoetlon o£ fluorescence reso- 
nance energy transfer as an indicator of tha pro- 
aaaea or absoneo of abnoraal bHA. 

Hybridization of two aaparato aegaents of DNA 
03 (i.o.. oligonucleotide probes) to adjacent regions 
of a third eoapleaentery single atrand aay be 
detected by aon- radiative fluorescence resonance 
energy transfer, provided that tvo fluorophores with 
overlapping excitation and ealsslon spectra are 
10 attached to the hybridising segaents of DBA and, 
once they are hybridised, the distance between the 
two fluorophores they bear is appropriate for FRIT 
to occur. For exaaple. the 3' end of one oligo- 
nucleotide can have a fluorescein eovalently 
attached, and the 5' and of the other oligonucleo- 
tide can have a rhodaaine covalantly attached. This 
can be carried out, or exaaple. a described in 
Agraval. S., et a,. , Huclelc Acids Res. . 14: 
.227-6245 (1986); Tet Lett. . 31:1543.154* (1990); 
■uclolc Acids Res., 18:5419-5423 (1990) and Bason, 
P.C., et £l.. Methods in Ensynolagy , 168 :753-761 
(1988). The teachings of both of these roforsnees 
are incorporated herein by reference. The excita- 
tion and ealsslon spectra for the fluorophores used 
for labeling the two probes aust overlap. With the 
two fluorophores aentloned abovo, the excitation 
wavelength for fluorescein (472 na) will excite en 
ealsslon wavelength of the rhodaaine at 377 aa. An 
laportant eoasidoratlon in selecting or designing 
probes or oligonucleotide sequences Is tha distance 
which will separate thea once each hybridises to the 
region of the longer DNA sequence to which it Is 
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coapleaentary. In general, the closer the two 
fluoropbore* are to en* another, th. greater will bo 
eh. energy tnn.f.r. M.xia.r .operation 1. appro,!, 
astely 30-73 engstro... T hu« . « di.tancc repre- 
03 ..nt.d by 4-6 bp for tire e.g...*. .£ DNA hybridising 
te • third co. P l.. #nt . ry uninterrupted cegaont would 
represent an acceptable pro«i.ity e£ the fluere.cein 
end rhodenin. f iuorepheree . The acceptable ba.epelr 
dl.t.nce. between ether p.ir. of fluorophor.s can be 
doteraiacd experi.entally by one .killed in the art. 

One eabodlaeat of the pree.nt InYention relate, 
te the detection of the ..gaeat ef DRA fro. « ey.tie 
fibro.i. gene in which the genetic deletion (-TIT.) 
occur, on chroaosoae 7. The detection of this 
deletion een be carried out a. follow.: Two probe, 
•re used: one probe (. fir.t probe) which 1. 
•ppro.iaately 20 oligonuclotide. in length, which i. 
coapleaentary to the cy.tlc fibro.i. gene and 3' to 
the deletion, and labeled with fluere.cein (e.g.. by 
•ttachlng fluere.cein by a linker to the 5' end of 
the oligonucleotide DBA sequence) and Another probe 
(« ..end probe) which i. . h.aaa.r co.plea.at.ry to 
the nucleotide sequence of the -TTT- deletion and 
the Adjacent three nucleotide, la the 3' direction 
23 «»<* ta lAbeled with rhodaalae ettached to it. 3' 
end. 

Ixoa 10 of ehroae.oae .even. a. described by 
teardoa, J. I., e£al., ( Science . 243;10es.lQ7i 
(1989)) 1. isolated fro. • noraal geaoae and fro. « 
30 cystic fibrosis genoae. Using condition, detailed 

in Cardullo, I.A., Proc. Natl. A cad. Sel , nci „. 
8790- 879A (1988), the conponent. to b. hybridi.ed 
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ere coablaed: 1) Exon 10, 2) « 20-aar coapleaeatary 
to the CCC-ACC-ATT-AGA-CAA-AAT-AT portion of the 
gaao sad b««rlag a 3'-teralaal fluoroseelu aolecule, 
•ad 3) a hexaaer coapleaeatary to TIT -OCT aad 
bearlag a S'-teralaal rhodaalaa aolecule. Thara 
•111 ba two foraa of Exon 10: aaa froa a noraal 
geaoae aad a aaeond froa a cystic fibrosis genoae. 
Tho raageats or eoapoaaats ara eoablaod at a teaper- 
atura appropriate for hybrldlsatioa of ollgoauelao- 
tldaa of tha laagth uaad to occur (a.g.. 20*C). At 
thla teaperature, during tho hybridisation roaetloa. 
tho flueraaealn is azeitad using a lasar baaa of 
approxlaately 472 na. With tha 20-a.r hybridised to 
tho spoeifle aoquoaea of tha goaoaa, tha flueraaealn 
•nd rhodaalaa will ba In eleso enough proxlalty to 
paralt tha fluoroseaaeo energy transfer. Thus, a 
rhodaalne ealaslon around 577 na will occur in the 
noraal genoae segaant. 

As illustrated in Figure 2. the rhodaalne - AACCA 
20 hexaaer will be hybridised to the -TTTCGT- segaant 
of tha noraal genoae. This results in energy 
transfer froa fluorascala to rhodaalaa and 
fluoraseenee ealssion froa rhodaalne. In the ease 
In which DBA being Analysed is altered (I.e.. la 
25 ease, eoatalna the trinucleotide deletion), as 

elso illustrated in Figure 2, there is no -TTT- 
trlnueleotida. due to the genatle deletion. 
Hybridisation of the rhodaalne - labeled baxaaar 
(rhodaalne.AAA-CCA-3*) with the aegaeat of the 
30 cystic fibrosis genoae alssing the -TIT- cannot 
occur. At tha hybridisation taaparatura chosen 
(e.g., 20*C), the three aaabars of the probe 
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eo.pl..« n e.ry to chro.o.c.l DRA will net hybrid!*, 
•ff.ctiv.ly with a co.pl.«. n tary eria.r. 

Th.r.for.. Bxon 10 fro. a „or..i g .n. vili glv . 
• rh.da.ln. fluor..c.nc. en.rgy tran.f.r. whii. Ixon 
05 10 fro. a «y.eie fibro.l. wlth . . TTT . d-1 . tlon 

•111 fail to giv. th. rh.da.in. fiuor..e.nc. wh.n 
•ubj.et.d ee eh. .uei.ie «eld hybridL.tion prec- 
dur. d.acrlb.d above. 

A. illu.tr.t.d in Plgur. 3. d.t.etion of th. 
10 ey.tic flbro.i. d.f.et i. aceo.pli.h.d by ..ploying 
th. l.b.l.d prob. S'-ACCCAT. co.pi.t. ly hybridi.abl. 
to tba ..qu.nc. S'-ATCOCI of th. ey.tic fibro.it 
f.no.e. m th. ea«. of th. nor..l g.no... hov.v.r, 
th. ATCOCT .ncount.r. a .ia.ateh and do., not 
hybridi.. at 20«C. Ih. PRf T .„.„y la% th . r . for . f 
not tranaf.rr.d fro. fluor..e.i„ to rhod«.in. and 
tba rhoda.in. .«i.. lo » .p.etru. i. not aetivat.d. 
Th. prob.. ..y b . long.r than a h.E.nucl.otid. . 

tbo dataetlon of any known d.f.et in a nuci.o. 
tid. -qu.nc. of « g.n.(.) relating to cy.tie 
fibro.i. ean be aehi.T.d ».i«, . palr o£ two , u 
-el.otid. prob..: 1) . f lr . t prob . C o. P l...„ t .ry 
to an .r.a of DMA adj.e.nt to th. known d.f.et in 
th. nucleotid. ..qu.nc. of a g.n.(.) ; and 2) a 
..cond prob. eo.pl...nt.ry to: .) . r.gion of nor..l 
OHA eorr..pondin, to th. r.gion in which th. known 
d.f.et in th. nuel.otld. ..qu.nc. of th... g .n.. 
occur., and b) « region .dj.c.nt, la th. oppo.it. 
dlr.etion of eh. fir.t prob.. to th. dofeet-eon. 
30 talnlng re g ion. Each probe 1. lab.l.d with « 

fluorophor. and th. fluorophoro. on th. two probe, 
•re dlfferene fro. one anoth.r. Ih. fluorophoro. 
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ean b* atc«cb«d to eha J» or 5' «nd of alth.r proba; 
however, the attachment of th» fluoropboros aust be 
Batched in such positions that vbon hybridization 
occurs botvoon tbo two probes and an uninterrupted 
05 segaent o£ DHA, tbo tvo fluoropboros of tbo probos 
art adjacent to ono another. Yhon botb probos aro 
hybridized to an uninterrupted oegaeat of noraal DHA 
froa a saapls, tbora will bo an aroa botvoon tbo tvo 
probos which lacks hybridization of eoaploaontary 
10 nucleotides. In tbla area, tbo fluoropboros of tbo 
two probos Ho adjaeont to ono anotbor. Tbo 
dlstaneo botvoon tbo tvo fluoropboros Bust bo 
aufficiontly eloso to allov tbo offlelont transfer 
of onorgy botvoon tbo tvo fluoropboros but not so 
15 closo aa to causa storlo blndoranea botvoon tbo tvo 
proboa upon hybridization. Tbo excitation and 
aalsaion spoetra of tba dlfforont fluoropboros aust 
overlap to aehlovo energy tranafar. Ono fluorophoro 
acts aa an •norgy donor and tba otbor acts as an 
20 "• r f7 acceptor. Yhon in proziaity to ono another, 
vhlch occura vith hybridisation of both probos, the 
fluorescence of the energy donor dacroasos aa the 
fluoreacanea of tho energy aceoptor increases. 
Exaaploo of such fluoropboros are fluorescein and 
25 rhodaaine* 

Probos uaeful in the present aethod can be aade 
uaing genetic engineering techniques or can be 
•yntheeized choaically, such aa by the phosphoraal- 
dlte aethod using a coaaerelal DHA synthesiser and 
30 £-cy en© ethyl phosphoraaidite. 

Preparation of f luorescently labeled oligonu- 
cleotide probes can be achieved by derlvatlzatlon of 
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th. do.lr.d «nd co b. l.b.l.d and .ub..qu.ne attach- 
■•ne of. th. fluorophor.. Briefly, for 3' fluoro- 
phor. l.b.l.d ollgonuel.otid.' prob.s, «o aaiaoheayl 
linker e«n b. introduced onto th. 3» and of th. 
03 oligoaucleotide by th. us. of «n .,tra cyci. of 
pho.phoraaldlt. .ynthe.i. <9-fluorenyl> aethooxy- 
carboaylaalaoh.xyl 4-eyanoethyl MM-diieopropyl.nino 
Pbo.phlt. m th. coupling reactlou aa deacrlbed by 
Agrairal, S. •££!., supra, and la. on, p.c. «t a*., 
10 supra. Aft.r r.nor.l 0 f protective groups with 

eone.ner.t.d aaaonla .olution. th. aainohexyl llnk.d 
ollgonuel.otid. caa b. purifl.d by reveree- phaee 
high pressure liquid ehroaatography (HPLC). 

Iha 3' and derlvatlsatloa of oligonucleotide. 
IS »ith aa aalao group can b. based on eaeebUahod 
ch.al.try for 3' end labeling of OA, aueh a. that 
4..«rlb.d in Z.a.ealk. p. 8. et. , froc. of t ^h. 
Hatl. Acad. Science. n«A 46:811-822 (1960); Booker, 
T.R. et al., Hucl.lc A«M. »- ff | 5:353.3,4 i i 97t)> 
20 the teaching, of vhleh are hereby laeorporat.d by' 
refereace. To ad.pt thi. ehealatry for labeling 
MA, syathesis of th. desired ellgoaueleoeide 
••qu.nc. eaa be earrled out on S» •dlaothoxytrltyl- 
•3'(2')-*c.tylriboaucl.o.id.2'(3')- liak.d to 
23 loag-chaia alkyla.ino coatrollcd-pore glass support 
<20aM/ga). After the syathesls. proteetlag groups 
eaa be r.aov.d in eoaeeatrated aaaonla. Crude 
ollgonuel.otid.. eaa thea be oxidised with pyridate, 
reacted with l.f.diaaiaohexaae. aad rsdueed by 
30 -odiua cyaaoborohydride a. d.scrlbed la Agraval, S. 
•S £l. aad Booker. I.t. et a^. the aaiao-oligoau- 
cleotidea eaa be purified by reverse phase HPLC 
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because they are retarded to e elgalf lcaatly greeter 
exeaae- tbea uaderlvetlsad ollgoaueleotldea . 

Aeeachaene of fluorascai'a. ualng flueraaeala 
laothioeyaaeea, or tetraaeehyl rhedaalaa, ualag 
OS eatraaaehyl zhedaalaa laothlocysaate. to cha 

derivatised oligonueleotldee aad eubaaqueat purifi- 
cation eaa ba carried out according to tha proce- 
duraa daaerlbad la agrcval. S. •£ « S d Con, 
'•6. at e£. t aupra. 
10 tha praaant aatbod eaa includa tha following 

atapa: 1) obtaining frea an ladlTldual a aaapla to 
ba analysed; 2) treatlag tha aaapla to raadar 
auelelc aeida praaaat available for hybridisation 
with eoaplaaaatary auelaotide aequeaeea; 3) eoa- 
bining the treated aaapla aad a pair of appropriate 
fluorophore-lobeled oligonucleotide probes, under 
conditiona appropriate for hybridization of couple- 
aantary aequencea to oeeur; aad 4) dateralalag 
whether fluoreceeaee reeoaaaee eaergy traaafer 
oeeura. A lack of eaergy traasfar la ladieatlve of 
eyatle fibroaia. 

The preeent aethod eaa be uaed oa OHA froa a 
variety of tlaaues. For exaaple, a aaapla eaa be 
obtalaed preaatally by aaniocantaaia or poataatally 
by eurgleal biopsy. One a obtalaed, the aaapla la 
created la aueh a aaaaer that the auclele aelda 
preseat la the aaapla are available for hybridise* 
tloa with eoapleaeatary auclele add aequeaeea, 
which are the seleeted oligonucleotide probes 
30 described above. For exaaple, a ssaple eaa be 

erected with ea ageat which disrupts the cellular 
ead aolecular strueturea of the tissue. Cells eea 
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bo diaruptad using ehaeerople aganta which dlarupt 
eha aoleeular atructura of the cla.ua. That la, tha 
cgent deaaturoa eha eeeoadary, tertiary and/or 
querteraary structurea of blopolyaera, iaeludiag 
05 protelaa, auclaie acid., polycaeeharldee which «r. 
ganarally found m biological epoeiaeae. Iza.pl.. 
of ohaotreple aganta Inoluda chaotrople aalta (o.g., 
gu.nldlniu. thioeyanato), hydrolytto easyaea (e.g.! 
protaaaaa) aad coapounda that dlarupt hydrophobic 
10 latoraetloaa (o.g, aodlua dod.cyl.ulfat. , phanola, 
dlaathylforaaalda. dlaathylaulfoaido, tetraaethyl- 
uroa or guaaldlnlua hydrochloride. Phyaleal or 
aochaaieal aaaaa of disrupting aoloeular atructura. 
(a.g., baad boadlag aad eoaleatloa) eaa ba uaad to 
ralaaaa auelalo aclda. If aocaaaary. auclaie acid, 
praaaat la tha tlaaua aaapla aad ralaaaad froa it 
caa ba traacad furthar to aaauro that thay ara 
available for hybrldlsatloa with coapleaeatary 
auclaie aeld eequeueee <a.g., by haatlng to raadar 
doubla itraadad saqueaces alngla atraadad). Aganta 
aad tachniquaa that disrupt aoloeular atructura. eaa 
ba uaed alagly or la varloua eoablaatloaa for thla 
purpoae. 

After tha auclaie aclda are rendered available 
for hybridisation, the aaapla la eoablaed with a 
pair of oligonucleotide probea as deseribed above, 
which hybridise aeleetlvely to the regloa of aoraal 
D»A irhieh eorraaponda to the regloa of DMA vhara a 
known defect exlata la tha aueleotlde eequeaee(e) of 
a gaae(s) associated with or eauaatlve of cystic 
fibrosis. 
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The optiaua taaperature for hybridization of 
boeh oligonucleotide probes to eaaple nucleic acids 
will depend on eh* auelootldo leagth of boeh proboa 
and can bo dotoralaod asperlaeatally by aoaaona 
OS ekllled la tha arc. Figure 6 llluaerataa eha 
■•Icing taaperature (T^) for hybridization of 
unmodified oligonucleotide., and of oligoauelaoeldaa 
with aodlfieaeloDs at tha latarauelaoslda phoe- 
phaeaa. A 20-aer uaaodlflod deoxyoligoaueleotlde 
10 has a T a of «6'C; while a trlaar unaodifiad deoxy- 
ollgonucleotlde ha* a T a of approxlaataly 5»C. 

Tha aathod of tha praaaat invention can ba 
earriad out la such a aaanar that hybridisation 
occurs la an aquaous anvlronaant without tha naad 
for a solid support. Ths traacad saapla is prassnt 
la a liquid praparatloa. such as a phylologlcal salt 
solution. Tha oligonucleotide probas ara also 
praaant la a liquid praparatloa. Tha tvo prepara- 
tions ara eoabined, to produea a saapla -proba 
20 coabinatlon. This raaulcs In contact between 

nuclale aeid saquaacaa praaaat la tha saapla, and 
tha oligonucleotide probas. If nucleotide saquaacaa 
which ara coaplaaentary to tha selected sot of 
auclalc aeid probas ara present, hybridisation will 
25 occur. 

Datactlea of hybridization la carried out by 
axposing tha saapla to a wavelength approprlata for 
azcltatloa of tha doaor fluorophora. For axaaple, 
if tha donor fluorophora Is fluoroses In, a 
30 wavalangth of 472 na is ussd. Tha anergy fro. tha 
axcitad fluorasesin Is transfarrad to eha acceptor 
fluorophora. auch aa rhodaaine. Tha fluoroacance 
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•alsalon m.linith of th. .cc.pcor fluorophora 1. 
th.n naa.ur.d. Typically', th. background fluor..- 
e.ne. ine.n.lty of pho.ph.t.-buf farad ..Una .olu- 
tion i. d.t.raln.d. To thi. .olueion. qu.ntltia. of 
donor labalad or unlabalad ollgonuelaotida. la 
pho.ph.t.-buff.r.d .aim. ar. add.d In .top. . n d th. 
fluoraaeanea intan.ity 1. d.t.raln.d. Oligonuel.o- 
tld.. containing aec.ptor fluorophor.. .r. th.n 
*ddad in voluaa .c.p.. gn.rgy tran.f.r 1. ob.orv.d 
by both qu.nching and aec.ptor .nhane.a.nt. Tr.n.- 
f.r .fflcl.nel.. «r. d.t.raln.d fro. th. qu.nehlng 
data. Thia involv.. eorraetlng tha data for dilu- 
tion and for qu.nching by unlabalad eoaplaaant. 
Thua, if Q d u and Q d # . r . t h. qu.nehlng ob.arvad 
for unlabalad and labalad eoapl.aaata, tha tran.f.r 
.ffici.ncy i. givan by V< V.' Vu^^d u >- 
Aceaptor labalad oligonuciaotida. ara addad until E 
i. con.tant. Tha dagra. of qu.nehlng of eh. donor ' 
fluorophor. and .aeltatlon .ala.lon of th. .cc.pcor 
fluorophor. ar. d.t.raln.d for aaeb aaapl. and 
eoapar.d. Lack of hybridization b.t«..a 
ollgonuel.otld. prob.. and ...pi. nuel.le aeld. 1. 
d.t.et.d by th. abs.ae. of qu.nching of th. donor 
fluorophor. and aba.nc. of aa anhancad aal.sion 
.p.ctra of th. .oo.ptor fluorophor.. Horaal aaapla. 
•nd aaapl*. obtaln.d froa individual, .u.p.et.d of 
having eyatle flbroal. or b.lng a carri.r of a 
eyatle flbroal. gone ar. eoapar.d. 

Th. FRIT t.ehnlqu. ean b. u..d for th. 
dlagno.l. of oth.r e.llul.r di.aa... involving DNA 
or EM A, in which nuel.otld. d.l.tl.n., ehang.a or 
addition, occur. For .xaapl., Faalllal HvB.r.r ^u. 
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CardloMyopathy In tha ft cardiac MHC gana, axon 27 
baa a raplaeaaanc of an alanlna by a aartna raaidua 

4 

at oni position. T In i codon takes the place of an 
A. thus. converting ths coding eaquence fron 
05 CCC(sla) to TCC(sor) (Tanigava, C. at «i. t Coll , 
62:991-998 (1990)). 

In Myoclonic Epilepsy and ftagged-led Fiber 
Dlsecse (KEUf) a nutation occurs at nucleotide pair 
8344 in tha altochondrlal DFA in tha t&KA lys TtC 
10 loop, with an A-to-G transition nutation (Shoffnar, 
J * M - 61:931-937 (1990)). 

In Albright's Haraditary Osteodystrophy, tha 
c s * contains in axon 1 an A-to-G transition at 

position +1 in tha B^a allele. This nutation 
15 converta tha Initiator ATC (nathionlna) codon to CTC 
(valine), thus, blocking initiation of translation 
at the noraal site (Patten. J.L. at al. , W^E.J. Med . 
322:1412-1419 (1990)). 

In the disease characterized by a deficiency of 
20 lipoprotein lipase (LPL) activity, known as 

L^L Bathcsda , th#r# *• * »lagla baae substitution, G 

A f at position 761 in the fifth axon, vhleh 
results in an Ala Thr substitution at reeldue 176 
of LPL (6CA baeoaes AC A) (Beg, O.U. at al. Proc. 
25 Natl. Acad. Scl. USA . 87:3474-3478 (1990)). 

In the disease known as Achondrogenesis, there 
is a hetcrosygoue single axon deletion in the type 
II procollagen gene (C0L2A1). A single baae change, 
C - A occura in axon 51 of the RFLF (♦) allele and 
30 results in a glycine to serine substitution at aaino 
acid position 191 in the C-propeptlde of type II 
procollagen. A second substitution occurs at the 
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100"* nucleotide of tion 46, and convert. the normal 
glycine ceden at position 943. (CCC) to serine (ACC) 
(Vi.sing. H. et al., J. Biol. 364:18263-18267 
(1989)). 

In TaySachs Disease (0 M2 gangliosidosis, type 
1) thro, point nutation* h.v. boon identified (for a 
review, ••• Triggs-nam.. B.L. •£ 4!., w.g.j. 
323:6.12 (1990). m one of th.ee . four bee. p.i r 
insertion occurs In exon 11, accounting for 
epproxlnately 70 percent of the eases of infantile 
T.y-Secha disease in Asbkenasi Jove (Myerovits, R. 
•nd F.C. Costigan. J. Biol. Ch., 263:18567-18569 
(1988)). 

In hemophilia A. the codon for arglnine (CCA) 
•c amino acid 2133 is smtated to the stop eodon TCA 
(Youssoufian, H. et al., Nature . 324:380-382 
(1986)). 

In siekl. e .U M , Bl . ln th . B S. flobla ch . ln 
there is a substitution of A for T at codon 6. This 
nutation changes the codon CAC (Clu) to CTO (Val) 
(Antonarakis, S.E. et a±. , Hun. Genet. . 69:1-14 
(1983)). ~~ 

A list of 16 diseases in which point nutations 
hsv. been identified is giv. n in a review of genetic 
disorders at the OKA level by S.B. Antonarakis 
(Antonarakis, S.I., if. E.J, m.j 320:133.1*1 
(1989)). Zn addition to those mentioned 
■pacifically above are Gaucher's disease 
hypobetalipoproteinenia. Osteogenesis imperfecta 
30 essoclated with a fran.shlft nutation. Gyrate 

atrophy. Diabetes neilitus due to abnormal insulins. 
Hereditary persistence of f.tal hemoglobin. 
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Phenylketonuria, ^-Antitrypsin deficiency, 
a-Thalasseaia, Faailial hypercholee terolcaia , 
Ornithine trenscerbaaylase deficiency, Hcaophilic B 
end fleaophilie A. 

05 la principle, wherever a point mutation has 

been identified in a genoae, it praaanta an 
opportunity to eoapara tha hybridization Taa of 
«*H eegaeate of a noraal genoae and of a dlaaaaa 
altarad genoae by aaaaa of tha FRET technique, and 

10 to diagnoao the point autetlon by an alteration In 
the Ta of the affected aa coapared with tha noraal 
fenoae eagaeat. 

When a single base deletion, alteration or 
inaartloa occura in the diaeaaed state, the 
15 hybridization association difference between the 
perfectly aatched hybrids and thoae vlth 
alsaatch(ea) can be aagnified by lowering the 
hybridization tcaperature. Ihue, for exaaple, in 
the early ezperlaenta defining the particular 
20 trinucleotides coding for Individual aalao acids, a 
hybridization teaperature around 4*C was used, in 
order to Induce effective hybridization vlth 
trinucleotides. At 37*C a trinucleotide will not 
hybridize affectively with lta perfectly aatched 
25 baee coapleaeat. 

The invention ia further illustrated by the 
following specific exaaplee, which are not Intended 
to be Halting la any way. 
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EXAMPLE .! Eff.ct of Acc ptor Concur, n,.- - n 

Tr.n.f.r Sfflcl.tigy 

Th. f.ching. of «u .cl.ntlflc publication, 
cit.d in .u .„. pl .. a „. lB ar- htr-by , 

03 by roforoneo. 

Plaertieinet a.aauran.nta v.r. a.d. i„ . 
frklo Il.T ap.ctrofl„ori..tar .qulpp.d with • 
t. np.r.tura controll.d ch.nb.r .nd Glan-Thonpaon 
pol.rlx.r. ih. agitation vavl.» (Ch , u..d for 
fluoro.c.in .nd .cridin. or.n,. „.r. 472 „ „ d 

r..p.ctiv.l y . Th . mml „ lon m9l9Ugghm u-#d f 
fl»or..c.in. .cridin. or.n,. „ d rhoda.in. war. 517 
522 n. «nd 577 n., ra.paetivaly . 
Th. background fl»or..«. n „ int.n.ity of 83 »l 
5 of pho.ph.t..b«ff. r .d ..lin. (F» S : 0.138 . 

fCl/0.01 . pho.phata, P B 7.2) in . 200 «l qu .rt« 
cuvtt. (optic.i .olution p.th l.ngth - 0.3 c.) 
-.t.„in.d. t. thi. c«v.tt., 13 „l of approxi.at.ly 
5 -M donor-l.b.i.d or unl.b.i.d oligonucl.otid.. in 

*"* d *» * -icrolle.r .top. .nd th. 
iatan.ity «.. datarninad. Olig.nucl.otldo. 
eont.ining .cc.ptor fluorophor. t h.« .dd.d in 3 

nl -tap.. m. ri7 tr.n.f.r 8b .. rT . d by dOBOr 
quanehlng «nd .cc.ptor •nh«oco..at. Tr.n.f.r 
•ffielonel.. w.r. d.t.r.ln.d fro. th. qu.nehin, 
data. thi. inToW.d eorraetlng th. data for 
dilution and for qu.nehin, by unl.b.i.d co.pl... ac 
lunar fllt.r .ff.et. w.r. n.gligibi.. Ihua, if q 
•»d Q d ^ «r. eh. qu.nehing obaarrad for th. d,U 
nonl.bal.d and l.b.l.d eo.pl...ne. ( eh. tr.n.f.r 
•fflclancy i. , lv .« by th. following aquation: 
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Acceptor-lebeled oligonucleotides vere added until 
E c vas constant. Expcrlitnti vtn perforaed at 5'C. 

To deteraine the aaxiaua efficiency of transfer 
betveen donor and acceptor fluorophoraa attached to 
05 oligonucleotides, the ealsslon spectrua of aeeaptor 
vas folloved aa a function of Increasing acceptor 
eoneantratlon at a fixad auaber of donor aoleculcs. 
Tha first experlaeats vara parforaad using tvo 
coaploaencary oligonucleotides vith donor and 
10 accaptor fluorophoraa attachad at althsr and of tha 
hybridixed coaplex. Attachaant of fluorescein, 
using fluorascain isothlocyanata , or 
tatraaathylrhodaaina using tatraaathylrhodaalna 
isothlocyanata, to tha dcrlvatlxed ollgonuclaotldas 
15 and subsaquant purification vara earrlad out 
according to tha mathods of Agraval, S. at al., 
supra, and Eason, P.C., supra. Ona oligonuclaotlda 
had fluorascain attachad to its 5' and (donor) 
vhsraas tha othar coaplaaantary nucleotide had 
20 rhodaaine attachad to its 5' end (accaptor). 

Quanehlng and transfer efficiency vere deteralned 
for oligonucleotides containing 8 nucleotides, 12 
nucleotides and 16 nucleotides. 

As shovn in Figure 4 t aalaslon spectra are 
25 presented aa a function of increaaing 

rhodaaine -linked 8-aer concentration to a fixed 
number of f luorescein-linked 8-aer aoleculoa. As 
the aaount of rhodaaine- linked 8-aer vas increased, 
there vas a decreaaa In fluorescein aalsslon 
30 Intensity (317 na) and an lncreaae In rhodaaine 

eaission intanaity (577 na). Saturation of both the 
fluorescein quenching and the rhodaaine enhanceaent 
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occurr.d vh.n th. ratio of .cc.ptor to donor 
«c..d.d 2:1. Th. a.«i. u . qu.nchlng o£ fluoro.c.ln 
upon ..tur.tlon v.. 0 .63 in th. pr...« c . of donor 
and .cc.ptor. Wh.n th. «p.ri..ne ... r.p..t.d with 
03 fluor..e.in.link.d oligonucl.otid.. and it. 

unl.b.l.d co.pl... nt , fw.c.in ..i..i on Int.n.lty 
w«« qu.nch.d 0.26 fro. it. .„l.u. t.Iu. with no 
d.t.ct.bl. incr.... i» int.n.lty .t 377 n.. .„ovn 
in Pigur. 4. Thu., fl«or..c.nc. v.. .odul.t.d in 
10 thr.. w.y. tt pen hybrldlz.tion: . d.er.... la 

fluor..c.ln ..i..lon upon binding to .« unl.b.l.d 
co.pl...nt.ry oligonucl.otid., . i. rg „ d .er.... ln 
fluoro.e.in ..l..ion Int.n.lty upon binding to • 
rhod..in..link.d eo.pl... nt .ry oligonucl.otid., .nd 
15 th. d.t.etion of rbod..m. ..i..io« int.n.lty upon 
binding to . rhod.«in.-li„k.d co.pl... a tary 
oligonucl.otid.. Th. fir.c ph.noa.non r.pr...nt. . 
qu.nchlng of th. fluorophor. upon binding to it. 
unl.b.l.d eo.pl...nt, whil. th. l.tt.r two ph.non.n. 
r.pr...nt .odulaeion of fluora.c.nc. int.n.lty du. 
to .n.rgy tr.n.f.r. Th. d.gr.. of fluor..c.m 
qu.nchlng du. to .n.rgy tr.n.f.r .Ion. v.. 
clcul.t.d fro. th. abov. .qu.eion. In th. c... of 
eh. 8-..r, th. tr.n.f.r .fflcl.aey bot«..n 
fluoro.e.in .nd rh.da.ln. «... th.r.for., about 0.5. 

Coaparabl. .xp.rla.ne. u.lng 12-a.r. and 
16-a.r. v.ra al.o p.rfora.d, th. ra.ult. of which 
•r. .hown in i.bl. 1. m g.n.r.l, eh. a.ou.t of 
qu.nchlng in eh. ab..nc. of acc.peor ... ind.p.» d .„t 
of chain l.ngeb and had « valu. of 0.26 ± 0.02 for 
.11 oligonuel.otido. (...„ ± . S D for 4 d.t.r.ina- 
tlon. of ««ch n...r, vh.r. n - 8, 12, or 16 
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nucleotldee). in the preaanee of rhodaalna- linked 
coapleaentary oligonucleotides , the degree of 
fluoreeeeia quenching due to energy transfer elone 
decreased with inereesing chain length. A. .hovn in 
Figure 5, hybridization vaa eoaplatc for .11 chr.. 
chain lengths «t an aeeeptor/donor ratios, no 
aodulatlon in tho corrected fluorescein or rhodaalna 
signal vas oburv.d. Subsequent experiaonts using 
these oligonucleotides v«r« dona at aa 
aeeaptor/doaor ratio of 4:1 to onsura that 
hybridization vaa eoaplota. 



TaMtL 



bvibarODNTefta 




Q.f9 * 0.02 
12**9 JOS 
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EXAMPLE 2 Effect of T«a B «r,tu r , on TriBlfir 

Efficiency 

Tha affaet of taaparatura on hybridization vaa 
alao followad for dlffarant chain langtha (8, 12 and 
16-aare) ac saturating eoneontratlons of 
acceptor- linked oligonucleotide. Tha raaulting 
■citing taaparaturas (T^) . dafinad aa tha aldpolnt 
values of fluoraaeain quanehing or rhodaalna 
anhaneeaant over a taaparatura rang* of 0-60«C, vara 
eoaparad vith absorbanea valuea that ara at 260 aa. 
Abova SO'C, ehara vas no fluoraaeain quanehing nor 
dataetabla rhodaalna signal. As tha taaparatura vas 
lovarad. tha fluoraaeain intanaity daeraasad and tha 
rhodaalna intensity increased in a algaoldal aaaner 
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.hovn by (o) In Flgur. 6. Indicting .„ iner.... 
in tr.n.f.r .fflcl.ncy with th. rhoda.m. .cc.ptor 
.tt.ch.d ee th. coapl... n t.ry B... r . Thi. agr.od 
••11 with th. .b.orb.nc. data, which .how.d . 
ch.r.ct.rl.tlc .lg.old.1 d.cr.... m a Uq »ith 
d.crc.lng f.p.r.tur.. Indicting hybrldlx.elon of 
co.pl...ne.ry nuol.otld... x« .ddltlon, eb.r. v «. . 
concurr.nt lner.a.. i B rhod..m. ..l..ion Int.n.lty 

In g.n.r.l, th.r. w.. no .ignlf leant dlff.r.ne. 
b.tv.n I, v.lu.. obt.in.d by fluoro.e.ln qu.nehlng 
•nd by d.er....d A 26Q .i, n .l „ith d.cr...l QK 
f.p.r.tur.. Th. I, v.lu.. obt.in.d by £luor..c.ln 
qu.nehlng w.r. 23.8 ± 4.2«C. 38.3 ± 4.3'C, .nd 47 2 
± 5.2-C for th. 8...r. 12-..r .nd l6 ...r, r..p. e - 
tlv.ly („. n ± SO for 4 d.t.r.in.tlon. ) . By 
eo.p.rl.on, th. T. w.i„.. obt.in.d by . d.er.aa. ia 
A 260 w.r. 24.5'C. 37.3'C, .»d 46.0-C (for th. 8-.r. 
12-..r .nd 16-..r, r..p.etlv.ly) . n. nc , f ln m 
c... th. d.t.r.ln.d by fluor..e.nc. „ lthtn 
31 of th. 7 m d.t.r.ln.d by A 260< 

EXAMPLE 3 HTbrldl«. g j aw t— ^-Iril.rt 

Olttonucl.otld.. t. ^ Co»nl.» a »,r.> T 

Str.nd 

Isp.rin.nt. w.r. alao p.rfera.d with two 
fluor..e.ntly l.b.l.d ollgonuel.otld.. hybrldla.d to 
• long.r eo.pl.a.ntary strand aa sehaaatleally 
Ul».tr.t.d in Flgur. 1. ifh.n t h... thr.. .tr.nd. 
hybrldir.d, only 4 ba... ..p.r.t.d th. fluor.ae.in 
donor fro. th. rhodaain. .ee.ptor. A. In Exa.pl. 1, 
qu.nehlng of donor fluor..c.nc. by .n.rgy tran.f.r ' 
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iocr««««d to saturation with *cc«peor concentration. 
Table 2. line a, show* the results of these 
experlaents. In the presence of fluorescein- labeled 
oligonucleotides mad unlabeled oligonucleotides 

05 hybridized to tho 29-aer, the quenching of 
fluorescein eaisslon vas about 0.27. In tho 
presence of rhodaaine acceptor, tho quenching vti 
enhanced to 0.71 and there vae a large fluorescence 
signal at the rhodaaino peak (577 na) . Hence, the 

10 transfer efficiency, given by the above equation in 
Exaaple 1, vas about 0.6. 
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JfcU o^ ^e^fetf 0GVf4eott flVoV^IB flR Ae^lS IK 



EQUIVALENTS 

20 Those skilled in the art will recognise, or be 

able to ascertain using no aore than routine 
experiaentation, aany equivalents to the specific 
eabodiaant of tho invention described specifically 
herein. Such equivalents are intended to bo 

25 oncoapaased In tho scope of the following elalas. 
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CLAIMS 



2. 



25 



A pair of ollgonucl.otld. prob.., whar.in: 
•) • first ollgooucl.otida prob. i. eo.pri..d 
of • auelaotid. ..qu.ac. which bybridix.. 
to • r.gton of hua.a chroaosoa.l DNA 
•djacaat to a r.gioa la which aa 
•lt.ratloa *i.oel.t.d with cy.tic flbr..i. 
oecur. .ad 1. i.b.l.d with • fluorophor. 
•t th. .ad which, upoa bybrldl.atloa to 
th. r.gioa of bua.n chroao.oa.l OKA, i. 
clo..r to th. r.gioa la which th. 
alt.ratloa occurs; and 
o) • .acoad ollgonuclootida prob. i. 

coaprl.ad of . auel.otld. ..qu.ac. whleh 
hybridl... to th . r.gioa of aor.al hua.a 
ebro.o.o..l DNA which corr..pood. to th. 
r.gioa ia which th. .lt.ratloa ...ocLt.d 
vith cy.tlc flbro.l. occur, and 1. Ub .l. d 
with • fluorophor. at th. .ad which, upon 
hybrldiaation to th. r.gi.n of hua.a 
chroao.oa.l DNA, 1. elo .. r to th# fls-e 
prob.. 

A pair of oligoauelootid. prob.., wh.r.in: 

•) • fir.t oligoauelootid. prob. 1. co.pri..d 

of a auel.otid. ..qu.nc. which hybridla.. 

to a r.gioa of hua.a chroao.oa.l DHA 

•dj.e.nt to th. 3' .ad of th. r.gioa wh.r. 

th. triaucl.otld. d.l.tioa of chro.o.o.. 

•OToa ...ocl.tad with cy.tle flbro.l. 
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b) 



oceura end Is labeled with a fluorophore 
•t eh* 5' end; end 

• ••cond oligonucleotide probe eoaprlsed 
of a nucleotide sequence which hybridizee 
to cha region of noraal huaan chroaoeoaal 
DHA vhleh corresponds to tha region vhara 
the crlaucleetlde deletion of chroaosoae 
••van aasoclaead with cyatle fibreala 
oecura and la labeled with a fluorophore 
at the 3' and. 



3. A pair of oligonucleotide probe. , eeeb 

eoaprlaed of a nucleotide sequence and a 
eovalently bound fluorophore: 
•) 3'-CCG TC6 TAA TCT CTT ITA TA PL-3' 
" b) 3'. PL AAA CAA-5\ wherein the fluorophore 

(PL) eovalently bound to one probe la a 
donor fluorophore and the fluorophore 
eovalently bound to tha other probe la an 
acceptor fluorophore. 



A pair of oligonucleotide probaa of Clala 3, 
wherein tha donor fluorophore la fluorescein 
*ad the acceptor fluorophore la rhodaalne. 

A aathod of detecting in a eaaple a defective 
gone sssociated with or ceusatlve of a disease, 
eoaprlalng eoabinlag tha eaaple, treated ao aa 
to render nucleic acids present la tha aaapla 
available for hybridl.ation with coaplaaeatary 
oligonucleotide probes, under appropriate 
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condition., with a p.i r 0 f f luorophor.. l.b.l.d 
oligonucleotide prob.., wh.r.in: 
«) • fir.t oligonueloocid. prob. 1. eonpri..d 
• * • uucl.otid. ••qu.ne. whlch hybrldi... 
«• • r.gion of huaan ehr.ao.oaal DNA 
•dj.e.nt to a r.gion in whleh .a 
•lt.r.tion a..ocl.ted with ..id di..... 
occur, and i. l.b.l.d with • £i rgt 
fluorophor. at the .nd which, upon 
hybridi.atioo to th. r.gion of huaan 
chro.o.o.al MA. i. «lo..r to th. r.gi.n 
i» which th. .Iteration occur.; .nd 
b) ■ a.eond oligonucl.otid. prob. 1. 

eo.prl..d of . nucl.otid. ..,„.nc. which 
hybrid!*., to th. r.gion of «or«.l hu..« 
ehro...o..i MA which cerrc.poad. to th. 
r.gion in which th. .lt.r.tion ...oci.e.d 
»ith ..id di..... oecur. «nd 1. Ub.l.d 
with « ..cond fluorophor. «t th. .nd 
vbich. up.„ hybridi.ation to th. r.gion of 
human chro.o.o.al DNA, l. clo..r to th. 
fir.t prob.; and ..p.r.t.d by « dl.tance 
•hich allow, th. .ffiel.nt traa.f.r of 
•»«r f y batva.n th. fir.t and ..cond 
25 'luorophor.. 



15 



20 



6. 



A ..thod of Clal. 3. wh.r.in hybridi.ation of 
eo.pl..ont.ry nucl.otid. a.qu.nca. 1. d.e.et.d 
by d.t.r.lnln S fluor..c.«c. r..on.«c. an.rgy 



transfer. 
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7. A aaehod of Clala 5 wherein, upon 

hybridisation, the eve oligonucleotide proboa 
are separated opelaally by « dlatanee of tve to 
four nucleotide basea, * ith longer and ehorter 
dlataocaa being aeeapcabla aa loaf aa energy 
traaafar oecurs. 



8 



10 



A aatbod of detecting la • aaaplo « gene 

aaaoclatad with or causstlve of cyatle 

fibroaia, coaprlalng coablniug tho aaaplo. 

troatod ao aa to raadar aueloie aelda proaant 

in cha aaaplo available for hybridisation wleh 

coapleaantary oligonucleotide proboa, uadar 

appropriate coadltlona, with a pair of 

fluorophoro. labeled oligonucleotide proboa, 
15 vharaia: 

a) a flrat ellgoaucleotlde probe la eoaprlaad 
of a nucleotide aequeaee which hybridises 
to a region of huaan cbroaoaoaal DNA 
adjaeaat to a ragloa la which aa 
alteration aaaoclatad with cyatle fibroaia 
occura and la labeled with a flrat 
fluorophoro at the and which, upoa 
hybridisation to the ragloa of huaan 
chroaosoaal DNA, is closer to the region 
in which the alteration occura; and 
b) a aecond oligonucleotide probe la 

eoaprlsed of a nucleotide sequence which 
hybridises to the region of noraal huaan 
chroaoaoaal DBA which correapoada to the 
30 region in which the alteration associated 

with cyatle fibroaia oceura and la labeled 
with a aecond fluorophoro at the end 
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which, upon hybrldixetion to th. region of 
huaen chroaosoaal ONA, is eloaer Co eh* 
fir.t prob.; an* .ap. r ,e.d by a di.tenee 
which allov. the efficient tranafer of 
•««rgy between the first « a d second 
fluoropboro. 



9. 



A a.chod of Cl.l. 8 wherein hybridi.ation of 
co.pl.aentary nucleotide aequencos 1. detected 
by d.teraining fluore.e.ne. resonance (Mr|y 
10 transfer. 

10. A aethod of Clein 8 wherein, upon 

hybridisation, ch. two oligonucleotide prob.. 
•r. ..p.r.t. d by « di.e.ne. of tiro to four 
nucleotide bat... 

" 11. A aethod of detecting in a ••■pi. « 

crinucl.ocid. delation of chroaoeoae aavan 
'••oelat.d with or eausatlva of cystic 
fibrosis, coaprlslng containing th. ...pi., 
traatad •« ., to randar nuel.le .cid. praa.nt 
in th. •„,!. .„. lUol . for hybrldl ,. tle|1 wlth 
e0.pla.aat.r7 oligonucleotide prob.., ttad . r 
Appropriate coadltioa.. with a pair of 

aieo oligonucleotide probe* 

wherein: 

23 a) a fir.t oligonucleotide prob. i. co.p r i.. d 

of a nucleotide aequanea which hybridire. 
to a region of buaan chroaoaoaal DRA 
Adjacent to a region in which .aid 
trinucleotide deletion aaaoei«ted with 
eyatic flbro.i. occur, and la labeled with 
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a flrat fluorophora at eha and vbieh, upot 
hybridisation to tha region of huaan 
ehroaoaoaal OVA,' la cloaar Co eha region 
la which tha alteration eeeuca; and 
05 °> * ••coad oligonucleotide preba la 

eeaprlaad of a auelaotlda sequence which 
hybridisaa to tha ragloa of noraal huaan 
ehroaoaoaal OVA which corroapoada to tho 
ragloa la which tha trlauelootlda delation 
of ehroaoaoaa aewaa associated with cystic 
flbroela occura and la labalad with a 
•aeoad fluorophore at tha and which, upon 
hybridization to tha ragloa of- huaan 
ehroaoaoaal OVA, la eloaer to tha flrat 
proba; aad separated by a dlataaee which 
allows the efficient traaafer of energy 
between the flrat aad aeeead fluorophora. 

12. A Bathed of Claia 11 wherela hybridisation of 
coaplaaantary nuclaotida saquenees la detected 
by dateralnlng fluoreseenee resoaaaee energy 
transfer. 

13. A aetbod of Claia 11 wherela, upon 
hybridisation, the two oligonucleotide probes 
are separated by a dlstaaee of approxlaately 
two to four nuclaotida bases, with longer aad 
shortsr distaaees being acceptable as long as 
energy traaafer occurs. 

14. A aethod of diagnosing cystic fibrosis in an 
Individual, eoaprislng the steps of: 



SUBSTITUTE SHEET 



WO 92/14845 PCT/US92/01591 



-33- 



10 



15 



20 



25 



30 



•) rendering nuelsls acid. pr ...ne in • 
««pl. Qbtela.d fro. eh. individual 
•▼.ll.bl. for hybrldl.etien »leh 

03 CO " pl — ne "7 •".•nuelsotld. probe.. 

b) so.binln, th. product of .t.p <.) wlth . 
P.ir of oligonucleotide prob... .herein: 
1) « flr.t oligonucleotide probe 1. 
eo.prl.ed of . nucleotide sequence 
which hybrid!,., to . region in which 
•n elter.tlon e..ocl.ted vith cy.tlc 
flbro.l. occur, end 1. labeled with « 
fluorophore ee the end which, upon 
hybridisation to the region of hun.n 
ehrono.onel OVA, 1. .loaer to the 
"fion la which the alteration 
oeeur. ; end 

ii) * aeeond oligonucleotide probe 1. 
eonprlaed of « nucleotide sequence 
which hybridises to the region of 
•ornal huaan ehronoaonai OHA which 
eorroaponda to the region la which 
the alteration aa.ociated with cy.tlc 
flbro.l. oeeura and la labeled with a 
fluorophore at the end which . upon 
hybridla.tion to the region of huaan 
ehro.oao.al MA. 1. closer to the 
flrat probe; 

••feting hybridisation of c..pl...nt.ry 
nuelootlde eequeuess by d.t. mining 
fluorescence re.en.ncs snsrgy trsnsfsr; 



e) 



and 
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coapariag tha fluaraacaaca raaonaoca 
•aargy tranafar dataralnad la atap (e) 
with tha fluaraacaaca raaaaasea aaargy 
traaafar which eecuri vhaa hybrldlxation 
cakaa plaea undar tha aaaa eeadltloaa. 
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Figure 5 



SUBSTITUTE SHEET 



4 



WO 92/14845 



6 / 6 



PCT/USW/01591 




SUBSTITUTE SHEET 



INTERNATIONAL SEARCH REPORT 



Na 



L CLASSIFICATION QW SUBJECT MATTE* Of 

A ^ k i" '""" H t m - — •' ii (m im iitt rr i ri iiMi 

Int. CI. 5 C12Q1/68; G01N21/64 



■aarjr.ualkaiaall)* 



PCT/US 92/01591 



O. FIELDS SEARCHED 



OusHletdoi Systsa 



Int. CI. 5 



C12Q 



OaftJAcatioa Syataou 



to tt* Extaat that nca 



tfaaa Mtatara DocaamtadM 
art bdoM fa taa PlaMs Smd^' 



OL DOCUMENTS CONSIDERED TO IE RELEVANT 9 



X 

"Y 



CkMtitm of DooMt, U wttfc ladkaifc*, wfcw ■aywirtatt, of tfc« 



W0,A,8 603 227 (DGI, INC. ) 5 June 1986 
see claims 



SCIENCE. 

vol. 245, 8 September 1989, LANCASTER, PA US 
pages 1066 - 1073; 

J. R. RI0RDAN ET AL.: 'Identification of the 
cystic fibrosis gene: cloning and 
characterization of complementary DNA 1 
cited 1n the application 
see the whole, document 



13 



Eattvint to Chin No." 

5-7 
1,2,4, 
8-14 

1,2,4, 
8-14 



* SaadaJ csjaforlas of dttd tocuMts : 10 

*A* tfocoDMit Maiag tfca maral stata of tha ait wilea Is not 
coasUaraa to aa of aatOeabu namaea 

*E* mxiim docamaat aot laaUsasi oa or tftar tfca tataraadoaaJ 
filing lata 

*L* Joaaaaat waka amy tfcrow aoaats oa priority dafaa(i) or 
wnka (s dtatf to astaaUsa tha aaalkadoa data of aaotfcar 
dcatloa or otaar saadal raasoa (as saadftai) 

'O* foooMM nfarrlag to aa oral flsctosara, 0*4 axWtttloaor 



T 0 4ocmBmtp9MMb*thDftQth*±twT*xkm*\nU**4tx*tM 
latar tfcaa tfca arfertty Ota daiajai 



*T" attar ioemm aafcllifcai mar tha lataraadooal mint tota 
or artorlty acta aaa* aot ia conflict wka tba apptatfoa lot 
cttaf to ■a Ui li a i tha ariadala or tbaary uaaariylat tba 

af aaittcahu ratevaoeaj tha daltaai Isvaadon 
coasttaraf ami or cannot aa cMtsJaroi to 
i amattvastaa 

of aardcabv ralavaaca; tba daiaai tomtton 
coasMarai to fnvalwt aa favaatrra staa wbca cha 
Is co i a Maai' nitfc ooa or ojora otaar sue* tfoco* 
mataaiirtaa aatag ofcvtoos to a aanoa saJlM 



tfocaaaat 
ba 



In tfca art. 



of taa suaa aataat fuaily 



IV. CERTIFICATION 



Data of taa Actual Coaaiadoaaf tba latanatioaal Saarcfc 

10 JULY 1992 



Data of Mailiaj of this lotarmatioeal Starch fctport 



iMarnattaoaJ Swxatag Authority 

EUROPEAN PATENT OFFICE 



Slgaatara of Aatborizai OfRear 

MOLINA GALAN E. 



2JJZ-92 




fto 



PCT/US 92/01591 



m. 



UMHSTS CONSTOOtED TO ■£ EELEVANT 



(CONTINUED FIOM THE SECOND SHEET) 



T 



No. 



PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES 
OF USA. 

vol. 85, December 1988, WASHINGTON US 
pages 8790 - 8794; 

R. A. CARDULLO ET AL: 'Detection of nucleic 
add hybridization by nonradiatlve fluorescence 
resonance energy transfer 1 
cited 1n the application 
see the whole document 

EP,A,0 229 9*3 (MOLECULAR BIOSYSTEMS) 29 July 
1987 

see figures 



5-7 



5-7 



Hm FCT/BAAlOMt Ml limy MS) 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO* OS 9201591 

SA 58213 



Thii 

Tna 

Tba 



pataat natiy Moten rakda* ta CW patent tfacuaaatt dcarf k tfaa 
> nnfai a j B a tfca Car ■■■■a Pataot Offiot EDP Sk ea 
(Mfioa k a aa way taak far aaaa aartkaiara waka ara aaaraiy gkaa far tba 



10/07/92 



Patent dacancBt 


Pofaikacka 


Pati 


■traaily 


Pnbikatka 
data 


atea* a aiarch report 









WO-A-8603227 



05-06-86 



EP-A-0229943 



29-07-87 



US-A- 


4820630 


11-04-89 


AU-B- 


591471 


07-12-89 


AU-A- 


5195786 


18-06-86 


CA-A- 


1258029 


01-08-89 


EP-A.B 


0203143 


03-12-86 


JP-T- 


63501051 


21-04-88 


CA-A- 


1273552 


04-09-90 


DE-A- 


3681272 


10-10-91 


JP-A- 


62157570 


13-07-87 


US-A- 


4996143 


26-02-91 



For mora ateaik abwtf Chk aowx : tea Official Journal tf the Eturopcaa Pateot Offica, Na. 12/82 



